The present study used isobaric tags for relative and absolute quantitation (iTRAQ) to identify novel targets in experimental autoimmune encephalomyelitis (EAE), an animal model of multiple sclerosis. The expression of 41 proteins was significantly altered in the inflamed spinal cord. Twenty of these are implicated in EAE for the first time and many have previously been shown to play a role in antigen processing, inflammation, neuroprotection, or neurodegeneration.
Introduction
Multiple Sclerosis is an autoimmune, inflammatory, demyelinating, and neurodegenerative disease of the central nervous system (CNS) leading to permanent neurological deficits. Experimental autoimmune encephalomyelitis (EAE) is one of the best-characterized animal models of multiple sclerosis. Although the histopathology of these diseases is well-defined, the molecular mechanisms underlying neural deficits remain elusive. This issue is of critical importance for the characterization of novel targets for therapeutic interventions.
Earlier studies investigating the molecular processes underlying neural dysfunction in EAE and multiple sclerosis focused on select proteins or pathways by use of conventional biochemical or molecular approaches. However, in recent years, the advent of new techniques such as gene microarray analysis presented unique opportunities for the large-scale delineation of changes in gene expression. In fact, a number of reports used microarray analysis to provide global perspectives on the differential gene expression profiles in the CNS during EAE and multiple sclerosis. 1-3 These investigations also shed light into molecular commonalities between the human disease and the rodent models. However, changes in mRNA expression may not always reflect the actual alterations in the levels of functional proteins. Yet, comprehensive surveys on differential protein expression in these diseases have been sparse. New proteomic approaches have increasingly received attention as effective tools for the identification of diagnostic and prognostic biomarkers or for the broad mapping of proteins in pathological conditions. Therefore, approaches such as two-dimensional gel electrophoresis coupled with mass spectrometry or iTRAQ may provide both complementary as well as novel, large-scale information about modifications in protein expression. [4] [5] [6] To date, there is only limited number of comprehensive proteomic studies on multiple sclerosis and EAE. These investigations characterized proteins in the cerebrospinal fluid or serum of multiple sclerosis patients, 7-10 delineated the profile of autoantibodies in EAE employing protein microarrays, 11 and analyzed protein expression in the CNS of mice affected by EAE as compared to controls. 12 The current investigations used the iTRAQ technology to define differential protein expression in the lumbar spinal cord during acute EAE in the Lewis rat. We focused on the lumbar spinal cord because it is the CNS region most affected in our experimental model.
The iTRAQ approach is a mass spectrometry (MS)-based proteomics method which enables simultaneous quantification of proteins obtained from the tissue of four distinct animals. All proteins are first digested by trypsin into peptides, and a small molecule termed "iTRAQ tag" is covalently added onto the peptides via primary amines, which include peptide N-termini and lysine side chains. 13 When labeled peptides are analyzed in a tandem mass spectrometer (MS/ MS), a "signature ion" derived from the iTRAQ tags can be observed in a mass spectrum for quantification purposes. There are currently four versions of iTRAQ tags that can be used to label peptides from four different sources. When the mixture of labeled peptides is analyzed by MS/MS, relative ion intensities for the four signature ions with mass/charge (m/z) 114, 115, 116, and 117 are used to indicate relative changes in protein expression. The key feature of the iTRAQ tags is that they are isobaric, containing combinations of stable isotopes with identical total molecular mass. This elegant design ensures that iTRAQ-labeled peptides are treated as equal for chromatographic separation yet can be quantified by MS/MS analysis of the signature ions. 14 In recent years, iTRAQ has been successfully used for diverse applications including identification of biomarkers and characterization of dynamic phosphorylation events. [15] [16] [17] [18] The aim of the present study was to delineate proteomic changes in the lumbar spinal cord during acute EAE in order to identify novel targets which merit further investigations and could potentially be useful for the design of new therapeutic interventions.
Materials and Methods

Induction of EAE
Eight-week old female Lewis rats were immunized with myelin basic protein emulsified in Complete Freund's Adjuvant (CFA), or CFA/vehicle as described before. 3 Clinical symptoms were scored as follows: 1, tail weakness; 2, hindlimb weakness; 3, hindlimb paralysis; 4, quadriplegia; and 5, moribund. Animals exhibiting hindlimb paralysis (clinical score 3) were euthanized by exposure to CO 2 . The spinal cords were dissected, meninges were carefully removed, and the tissues were thoroughly rinsed with saline to remove blood. The lumbar spinal cord was immediately frozen on dry ice and conserved at −80 °C until use. All animal handling protocols were performed according to institutional guidelines.
Protein Extraction and iTRAQ Labeling
Lumbar spinal cords obtained from two CFA-treated controls and two rats affected by EAE were used for iTRAQ analysis. Fifteen milligrams of spinal cord tissue was homogenized in 300 μL of lysis buffer consisting of 25 mM triethylammonium bicarbonate, 20 mM Na 2 CO 3 , and 2 μL of protease inhibitor cocktail (Sigma, St Louis, MO). After centrifugation at 19 000g for 30 min, the supernatants were collected and adjusted to pH 8.0 with HEPES. Protein concentrations were measured using Bradford assay. Ninety micrograms of soluble proteins from each sample was sequentially reduced, alkylated, digested, and labeled with the four iTRAQ reagents (termed here tags 114, 115, 116, and 117) according to the manufacturer's instructions (Applied Biosystems, ABI, Framingham, MA). Samples derived from two different control spinal cords were labeled with tag 114 and tag 115, whereas samples obtained from two individual EAE spinal cords were labeled with tag 116 and tag 117. The labeled peptides were combined and separated by strong cation exchange chromatography followed by reversed phase (RP) liquid chromatography as described previously. 19
Mass Spectrometry
The peptides eluted from the RP column were mixed via a micro-tee fitting in a 1:2 ratio with Matrix-Assisted Laser Desorption Ionization (MALDI) matrix consisting of 6 mg/mL α-cyano-4-hydroxycinnamic acid in 60% acetonitrile, 0.1% trifluoroacetic acid, 5 mM ammonium monobasicphosphate, 50 fmol/μL each of glu-fibrinogen peptide (m/z 1570.677) and adrenocorticotrophin hormone fragment 18-39, (m/z 2465.199), as internal calibrants. The mixture was spotted at 10 s intervals with a Probot spotting device (Dionex, Sunnyvale, CA) onto Opti-TOF MALDI target plates (ABI). Peptide analysis was performed on a 4700 Proteomics Analyzer tandem mass spectrometer (ABI) in a data-dependent fashion, where MS spectra (m/z 800-3000) were acquired in positive ion mode with internal mass calibration. The 10 most intense MS ions (S/N ratio >50) per spot were selected for subsequent MS/MS analysis in 1 keV mode. Each spectrum was averaged over 3000 laser shots and smoothed with the Savitsky-Golay algorithm (fwhm = 9, polynomial order = 4).
Protein Database Search and Bioinformatics
GPS Explorer software (v. 3.5, ABI) was used to process the MS/MS spectra and to submit peak lists to MASCOT (v. 1.9) search engine for peptide identification. The following search parameters were used: trypsin with one missed cleavage, mass tolerance of 100 ppm for the precursors, and 0.3 Da for the MS/MS ions. Labeling of lysines and peptide N-termini by the iTRAQ reagent and alkylation of cysteines by methane-methylthiosulfonate were set as fixed modifications, while oxidized methionines and iTRAQ-labeled tyrosines were set as variable modifications. MS/MS data were searched against rodent proteins in Swiss-Prot database (v. 46). In the event that one spectrum matched to a mouse sequence, the sequence was searched in Basic Local Alignment Search Tool (BLAST) against rat sequences in the International Protein Index (IPI) database to find the corresponding rat protein (http://www.ebi.ac.uk/IPI/). Only peptides identified with confidence interval (C.I.) values ≥95% were used for protein identification and quantification. If the peptides were shared by multiple proteins, they were assigned by GPS Explorer to the corresponding top ranked proteins. To reduce false identification, we chose to report only proteins containing at least two matched peptides.
Protein Quantification
Changes in the expression of peptides and proteins (EAE/control ratios) were calculated as described previously. 19 In brief, the iTRAQ report peak areas (RPAs) corresponding to quantification ions m/z 114-117 were extracted from the raw spectra and corrected for isotopic carryover using GPS Explorer. Assuming comparable overall protein concentration in each sample, individual RPA was normalized according to the population median for each sample.
Protein expression ratios were computed as the average of selected corresponding peptide ratios using a bioinformatics workflow described previously. 19 Protein expression ratio distributions between the animals were summarized in Supporting Information Table 1 . S C (control to control protein ratio standard deviation) = 0.25 and S E (EAE to EAE protein ratio standard deviation) = 0.31, and the pooled within group standard deviation S P is computed as 0.28 by the formula below:
(S p is the pooled standard deviation, n i is the sample size of the ith group, s i is the standard deviation of the ith group, and k is the number of groups being combined.)
For each protein, a p-value was also generated via Student's t test. The significantly changed proteins met two criteria (1) t test p-values ≤ 0.05, and (2) protein ratios ≥1.4-fold increase or ≤0.7-fold decrease (i.e., ratio outside of 1.65 S P , corresponding to the top 5% increased and bottom 5% decreased proteins 20 in EAE versus control groups).
Western Blot Analysis
Ten to thirty micrograms of protein extracted from the lumbar spinal cord of controls and EAE rats (n = 3) was subjected to 10% SDS-PAGE or 3-8% NuPAGE Novex Tris-acetate gel (Invitrogen, Carlsbad, CA), depending on the molecular weight of the protein of interest. The proteins were electroblotted onto immobilon-P (Millipore, Billerica, MA) or polyvinylidene difluoride membranes (PVDF, Invitrogen). The membranes were probed with antibodies against proteasome activating complex subunit (PA28, Santa Cruz Biotechnology, Santa Cruz, Secondary antibody-coupled signals were detected using the ECL chemiluminescence method (Perkin-Elmer, Boston, MA). Quantification of band densities was performed using Quantity One software (v. 4.3.1, Bio-Rad, Hercules, CA).
Immunohistochemistry
Control and EAE rats were perfused with saline followed by 4% paraformaldehyde in phosphate buffer (pH 7). The tissue was post-fixed, cryoprotected, frozen on dry ice, and sectioned on a cryostat. Ten μm transverse spinal cord sections, obtained from control and EAE rats (clinical score 3), were mounted side by side on the same slide. The sections were blocked in phosphate buffered saline (PBS; 0.1 M, pH 7.4), containing 15% heat inactivated serum and 0.3% Triton X-100, for 1 h at room temperature. They were then incubated with the anti-PA28 antibody (1:200 dilution), and either the Neu N antibody (Chemicon, Temecula CA; 1:500 dilution) or the ED-1 antibody (Serotec, Raleigh NC; 1:200) which are markers specific for neurons and activated microglia/macrophages, respectively. Incubation was performed overnight at 4 °C. The sections were then washed with PBS and incubated with FITC-labeled anti-rabbit IgG (Vector, Burlingame, CA; 1:200 dilution) and biotinylated anti-mouse IgG (Vector, 1:200 dilution) for 1 h at room temperature. After PBS washes, Avidin-Texas Red (4 μg/mL) was applied for 20 min at room temperature. The sections were washed in PBS and coverslipped using Vectashield (Vector). Three controls and three EAE rats were used for these investigations.
Results
Identification of Differentially Expressed Proteins in EAE
To delineate the profiles of differentially expressed proteins, we individually labeled 90 μg of digested proteins obtained from EAE and control rat spinal cords with the four iTRAQ reagents. Identification of proteins was based on the presence of at least two peptides with C.I. values at or above 95%. In total, 510 proteins were identified from 2488 unique peptide sequences deduced from 13 834 MS/MS spectra. To estimate the false positive rate for protein identification, all spectra were searched against a decoy database with all Swiss-Prot sequences reversed. Sixteen peptides from 8 proteins were identified, corresponding to an estimated false positive rate of 3.1%. 21 Five representative MS/MS spectra of the peptides corresponding to PA28 (Q63797), I2PP2A (Q63945), ApoE (P02650), CaMKIIα (P11275), and GAPDH (P04797) are shown in Figure 1 . The corresponding peptide sequences were manually confirmed using Data Explorer software (ABI). The quantification of the peak areas of the reporter ions, m/z 114 and 115, or 116 and 117, in the MS/MS spectra illustrate the changes in the abundance of the peptide in control versus EAE proteins. The levels of several proteins including PA28; a key constituent of the immunoproteasome ( Figure 1A,B) ; I2PP2A, an important protein phosphatase inhibitor ( Figure 1C,D) ; and ApoE, a protein involved in lipid uptake, transport, and delivery ( Figure 1E ,F), were significantly increased. In contrast, the levels of other proteins including CAMKIIα were either reduced ( Figure 1G,H) , or, as in the case of GAPDH, unaltered ( Figure 1I ,J).
Using a bioinformatics workflow which we developed previously, 19 we identified 41 differentially expressed proteins in EAE. Comparison with other published reports indicated that 21 of these proteins have previously been implicated in either EAE and/or multiple sclerosis (Table 1) . These earlier observations were mostly based on microarray analysis and other conventional biochemical approaches. Notably, we have also identified 20 differentially expressed proteins which are ascribed to EAE for the first time (Table 2) . These proteins, which play roles in inflammation, neuronal protection or damage, cytoskeletal integrity, and protein synthesis, may be targets for future investigations.
Corroboration of the Results by Western Blot Analysis
To corroborate the results obtained by the iTRAQ approach, we quantified the levels of six differentially expressed proteins, PA28, I2PP2A, ApoE, vimentin, CaMKIIα, and moesin, in EAE and control spinal cord by Western blot analysis. GAPDH was used as a control for sample loading and other experimental variations. Antibodies against PA28 (∼33 kDa), I2PP2A (∼37 kDa), CaMKIIα (∼59 kDa), and GAPDH (∼40 kDa) visualized bands of expected molecular weights bothȈin controls and EAE samples (Figure 2A) . The signals obtained with the antibodies against ApoE and vimentin were below detection level in controls but clearly discernible in EAE spinal cord extracts and corresponded to anticipated molecular weights (∼38 and 57 kDa, respectively). In the case of moesin, in addition to a prominent band at the expected molecular weight (∼77 kDa), a weaker band of ∼50 kDa was visible only in EAE but not control samples. This new band might be derived from the proteolysis of moesin or may be a moesin isoform which is induced in the EAE spinal cord. Alternatively, it may represent changes due to differential RNA splicing. Measurement of band densities by use of Quantity One software (Bio-Rad) indicated a 4.4-and 2.8-fold increase in PA28 and I2PP2A levels, respectively, and a 0.6-fold decrease in CaMKIIα levels ( Figure 2B ). The fold-increase in ApoE and vimentin could not be determined since signal was not measurable in controls. Although there was no significant augmentation in the levels of the ∼77 kDa moesin band in EAE versus controls, when the 77 and 50 kDa bands were taken together, a significant 22% increase was observed in EAE (Control: 100 ± 8%; EAE 122 ± 3.8%, p < 0.03 by Student's t test). In contrast, GAPDH levels were not altered in EAE. Thus, Western blot analysis confirmed the results produced by iTRAQ analysis, although the fold changes obtained by the two approaches were slightly different from each other.
Expression and Localization of PA28 in the Spinal Cord
To further validate the results obtained by iTRAQ and Western blots and to determine the cellular localization of PA28, we performed immunocytochemistry (Figure 3) . We focused on PA28 because studies suggest that it plays critical roles in antigen processing, an important step associated with antigen presentation. It is believed that presentation of antigen by microglia/macrophages to T cells is a major contributor to EAE pathogenesis.
PA28 immunoreactivity was low in sections obtained from control spinal cords and could be observed only in occasional cells in the white or gray matter ( Figure 3A) . In contrast, there was a pronounced increase in PA28 positive cells both in the gray and white matter of EAE spinal cords ( Figure 3D ). As some of the immunoreactivity appeared to be associated with small cells morphologically similar to macrophages or activated microglia, we labeled the same sections with the ED-1 antibody, a marker for activated but not resting microglia and macrophages. As expected, ED-1 did not label cells in the control spinal cord ( Figure 3B ). However, a sharp increase in ED-1 positive cells was observed in the EAE spinal cord ( Figure  3E) . A vast majority of these cells were also positive for PA28 in EAE but not control spinal cords ( Figure 3C,F) . However, there were also some PA28 negative and ED-1 positive cells as well as many PA28 positive and ED-1 negative cells. These results indicate that PA28 expression is upregulated only in a subpopulation of activated microglia or infiltrating macrophages. Moreover, some additional cell type(s) also express increased PA28 levels. Double labeling of sections with anti-PA28 and Neu N antibody, a neuronal marker, ruled out the possibility of expression in neurons as the two labels were not co-localized (Figure 4 ).
Discussion
iTRAQ analysis of the spinal cord in acute EAE revealed a complex and functionally diverse profile of 41 differentially expressed proteins. Some of these proteins including serotransferrin, serum albumin, complement C3, α2-macroglobulin, ceruloplasmin, and hemopexin are abundant in blood. The increase in the levels of these proteins may be due to the opening of the blood-brain barrier and the subsequent serum extravasation (Table 1) . Other differentially expressed proteins have been implicated in inflammation (Table 2) , and the increase in their expression may be the consequence of infiltration of inflammatory cells or glial activation. In addition, a few proteins have previously been associated with either neurodegeneration or neuroprotection, highlighting the concomitant occurrence of both beneficial and deleterious mechanisms in autoimmune demyelinating disease of the CNS (Table 1) .
Among the differentially expressed proteins, some have been formerly associated with multiple sclerosis and/or its animal models, whereas others are implicated for the first time in EAE. The confirmation of earlier published findings by iTRAQ validates the usefulness of this approach for the characterization of novel targets in this animal model.
Corroboration of Previous Findings by iTRAQ Analysis
iTRAQ analysis detected 21 differentially expressed proteins which have been previously ascribed to multiple sclerosis, other EAE models or both (Table 1) , primarily by use of microarray analysis or other conventional approaches. Some of these proteins play a role in neuroprotection and others in neural damage.
Among proteins involved in neuroprotection are apolipoprotein D (ApoD) and apolipoprotein E (ApoE), 22,23 whose levels were increased by 1.4-and 2.5-fold, respectively. This lipoprotein family is involved in lipid uptake, transport, and delivery as well as cholesterol metabolism, processes necessary for myelin repair. In addition, they have been implicated in neuronal growth and axonal regeneration, 24-26 immunomodulation, 27,28 and antioxidant activity. 29,30 Administration of ApoE to EAE animals attenuates symptoms, proinflammatory cytokine production, demyelination, and lymphocyte influx, and enhances remyelination. 31 In agreement with these findings, EAE disease course, CNS lesions, and lymphocyte proliferation are exacerbated in ApoE-knockout mice. 28 The ApoE4 allele is associated with clinical severity, 32 disease progression, 33 brain atrophy, and axonal damage in multiple sclerosis patients, 34-36 although this link has recently been disputed. 37 Taken together, these findings suggest that the elevated levels of apolipoprotein may be a compensatory strategy which promotes neuroprotective and reparative processes in EAE.
We found that moesin protein levels in the EAE spinal cord were 1.5-fold higher than controls, as assessed by iTRAQ analysis. This is in agreement with microarray studies showing an increase in moesin transcript levels in multiple sclerosis and in a mouse EAE model. 38,39 However, the results of Western blots indicate that the increase is mostly due to the appearance of a new band of lower molecular weight, only in the EAE spinal cord. As the identity of this band is not yet elucidated, further studies are necessary to determine the significance of the changes observed. Induction of moesin isoforms in EAE may reflect an attempt by damaged axons to regenerate, as this protein has been implicated in the regenerative response of neurons to injury 40 and axonal growth. 41 Alternatively, if the band of lower molecular weight is the result of proteolytic cleavage, the changes may be associated with axonal damage rather than regeneration.
α2-Macroglobulin (α2-M), a proteinase inhibitor, has been shown to attenuate EAE symptoms when administered exogenously and may exert its beneficial effects by neutralizing proteinases involved in tissue damage or by directly interfering with antigen recognition due to its ability to bind myelin basic protein. 42 In agreement with our studies showing a significant increase in α2-M protein levels, an upregulation in α2-M transcript levels in relapsing-remitting EAE has been reported. 39 A rise in transformed α2-M has also been observed in the plasma of multiple sclerosis patients. 43, 44 In contrast, the reduction in the levels of excitatory amino acid transporter 2 (EAAT-2) may be associated with glutamate excitotoxicity, a trigger that causes damage to both axons and oligodendrocytes. 45,46 Our findings are in agreement with the decrease in EAAT-2 mRNA and protein expression observed in acute and chronic multiple sclerosis lesions. 47 These latter studies indicate that in normal brain, the predominant cell type expressing EAAT-2 are oligodendrocytes and that the reduction in EAAT-2 in multiple sclerosis lesions occurs in these cells. 47 Other harmful mechanisms may involve increases in IgG. A significant increase in IgG-2A chain C was observed in our model. Cerebrospinal fluid and plaques of multiple sclerosis patients contain high IgG concentrations. Traditionally, the presence of IgG in multiple sclerosis has been associated with myelin opsonization, tissue destruction, and monocyte activation. IgG associates with complement C3, another protein upregulated in EAE as indicated by our analysis. Such IgG-C3 immune complexes have been identified in very early multiple sclerosis lesions 48 and may promote demyelination. 49
Potential Role of PA28 in Activated Microglia and Macrophages
One of the interesting findings of this study was the dramatic increase in PA28 protein expression and the association of this increase with activated microglia, the antigen presenting cells of the CNS or with infiltrating macrophages. The consequence of elevated PA28 levels in microglia during EAE is not known. It has been shown that PA28 is expressed in antigen presenting cells of the immune system. 50,51 Interferon-γ, as well as TNF-α, two cytokines which play important roles in EAE and multiple sclerosis, regulate PA28 levels. 52,53 PA28 plays a critical role in MHC class I antigen processing 54 and activates the proteasome complex to produce peptides which are presented to T-cells via MHC I. Therefore, it is possible that the elevated PA28 expression in activated microglia or macrophages is related to the generation of antigenic peptides for presentation to T-cells. Microglia found in multiple sclerosis lesions express high MHC II levels, suggesting that microglia-mediated antigen presentation occurs primarily via MHC II. 55 To our knowledge, the involvement of PA28 in MHC II mediated antigen presentation by microglia has not yet been described and should be further investigated. Interestingly, in sporadic Parkinson's disease, another neurodegenerative condition involving activated microglia, the levels of PA28 remained low in the diseased brain and were comparable to controls. 56 One possible interpretation is that an increase in PA28 in microglia depends on the type of stimulus that induces cellular activation in distinct pathological conditions. Another interpretation is that elevated PA28 is primarily associated with infiltrating macrophages rather than activated microglia in EAE. As the ED-1 antibody cannot differentiate between the two cell types, this latter possibility cannot be ruled out. We found that cells other than microglia also expressed PA28 in the EAE spinal cord. The cells were not Neu N positive excluding the association of PA28 with neurons. Thus, PA28 positive and ED-1 negative cells may be dendritic cells which are known to express PA28 and infiltrate the spinal cord during EAE.
Identification of Differentially Expressed Proteins in EAE
The identification of proteins which have previously been implicated in multiple sclerosis and EAE by iTRAQ indicated that the approach may be useful to detect other proteins playing a role in EAE but not yet studied in this disease. The examples given below illustrate how the present results open new avenues for novel investigations.
Among the differentially expressed proteins, annexin III may be of special interest. We found that the levels of annexin III are significantly upregulated (2.8-fold) in the spinal cord during acute EAE. Although the contribution of annexin III to multiple sclerosis or EAE pathology remains undefined, a role for other annexin isoforms in these diseases has been reported. Annexins (I-V) are a family of structurally related calcium-dependent phospholipid binding proteins. Annexins I, II, IV, and V are upregulated in multiple sclerosis, and the expression of annexin I is increased in EAE. 57-61 Annexin I plays an anti-inflammatory role by inhibiting phospholipase A2 62 and has been implicated in neuroprotection against excitotoxicity. 63 Annexin I is localized to activated microglia and astrocytes found in EAE lesions, and administration of a peptide derived from annexin I attenuates the clinical severity of the disease. 58 Annexin II mediates microglial activation induced by tissue plasminogen activator, a process that might have neurotoxic effects. 64 Other roles attributed to annexins include suppression of autoimmune T-cell autoactivation, 65 regulation of ion channels, and maintenance of extracellular matrix. 66 In view of these findings, the involvement of annexin III in EAE or multiple sclerosis warrants further study. These future investigations may be especially important with respect to the role of microglia in axonal injury during multiple sclerosis and EAE as axonal transection induces a dramatic increase in annexin III in microglia. 67 Finally, the increase in the levels of hepatoma-derived growth factor (HDGF) in EAE is noteworthy. Although HDGF is best known for its mitogenic effects on various cell types, recent studies indicate that it can act as a neurotrophic factor promoting neuronal survival, in vitro and in vivo, and is expressed in neuronal nuclei. 68,69 Importantly, HDGF supports the survival of spinal cord motor neurons and enhances neurite extension in primary cultures. 69 The expression of HDGF is increased in motor neurons in two animal models of motor neuron degeneration during presymptomatic stages. Therefore, it has been hypothesized that HDGF plays a neuroprotective role prior to the degeneration of motor neurons. 69 The increase in this neurotrophic factor may be important in view of neuronal/axonal injury that occurs in the spinal cord during EAE.
Conclusions
Our data indicate that iTRAQ is an effective approach to study changes in complex biological processes related to neuroprotection, neuronal dysfunction, immune activation, and inflammation in EAE. The present study corroborated previous findings and identified a number of differentially regulated proteins which have been implicated in multiple sclerosis and/or other EAE models. Therefore, this method appears to be an efficient and reliable approach to detect novel molecular targets. However, iTRAQ may also have limitations in sensitivity. For example, we previously reported the differential expression of a number of neuronal proteins by a combination of microarray analysis, quantitative reverse transcription polymerase chain reaction (RT-PCR), and Western blots. 3,70 The current proteomic analysis either did not detect some of these proteins or did not confirm their differential expression. Therefore, we conclude that the abundance of the proteins and the extent of the alterations in expression may be limiting factors for adequate quantification by this approach. Thus, it would be prudent to use this technique as a complementary method in conjunction with others such as microarray analysis and immunoblotting. Despite this, our initial discovery of modulated proteins not yet reported in the EAE or multiple sclerosis literature is significant. For future studies, it would be useful to investigate possible changes in these proteins in other EAE models and in post-mortem multiple sclerosis brain and spinal cord. Most importantly, in vivo and in vitro studies need to be performed to elucidate the role of these new targets in different pathological processes that take place in EAE and potentially multiple sclerosis. MS/MS spectra of selected peptides. PA28 (A and B), I2PP2A (C and D), and ApoE (E and F) were upregulated, whereas CaMK II α (G and H) was down-regulated in the spinal cord of rats exhibiting EAE. GAPDH (I and J) was not changed. Peptide sequences were deduced from the MS/MS spectra (B, D, F, H, and J) based on the observation of continuous series of either N-terminal (b series) or C-terminal (y series) ions. The peak areas of iTRAQ quantification ions, m/z 114-117 were used to measure the relative abundance of individual peptides (A, C, E, G, and I). Western blot analysis of select proteins which are differentially expressed in the rat spinal cord during EAE. (A) Representative blots showing bands at molecular weights corresponding to PA28 (∼33 kDa), I2PP2A (∼37 kDa), ApoE (∼38 kDa), vimentin (∼57 kDa), CaMKIIα (∼59 kDa), and GAPDH (∼40 kDa). The antibody to moesin detected two bands at 77∼and ∼50 kDa (arrowhead). The lower band was present only in the EAE spinal cord extracts. Each lane represents protein obtained from the lumbar spinal cord of distinct animals. (B) Graphic representation of the results obtained by Western blots after quantification of band densities using Quantity One software (Bio-Rad). Gray columns are controls and black columns are EAE samples. GAPDH was used as a control for experimental variations including sample loading, n = 3. Significantly different from controls * p < 0.05 and ** p < 0.02 by Student's t test. 
